A thermo-electro-mechanical contact analysis has been performed for a finite piezoelectric strip, which is subjected to the joint actions of a rigid, flat punch and a transient convective heat supply. The Laplace transform and Fourier sine and cosine transforms were applied in solving the governing equations. A detailed analysis of the characteristic roots of the corresponding characteristic equation was made. Real fundamental solutions were derived, which can readily lead to real solutions to the thermoelectro-mechanical quantities. A Cauchy-type singular integral equation was obtained for the stated problem and then solved numerically. Closed form solutions of a special case were obtained. To obtain the accurate solution in the time domain, an effective numerical inversion algorithm of the Laplace transform was applied. Detailed analyses were performed to reveal the variation law of temperature, contact stress beneath the punch, stress intensity factor at the punch edge and strain with time. Parametric studies were performed to discover the effects of the layer thickness on the distribution of temperature, contact stress beneath the punch and stress intensity factor at the punch edge.
Introduction
Due to the coupling characteristics between electric and mechanical fields, piezoelectric materials have been widely used in many high-tech areas (Galassi et al., 2000) . Piezoelectric materials have proven to be versatile tools for technical measurements and process controls in almost all modern industries.
Contact in piezoelectric materials is of great scientific and technological significance in many areas of study (Giannakopoulos and Suresh, 1999) . Much attention has been paid to the contact problems in piezoelectric materials. Using the state space method, Sosa and Castro (1994) obtained solutions for a piezoelectric half-plane loaded by a concentrated line force and a concentrated line charge. Ding et al. (1996) obtained the solution of a piezoelectric halfspace subjected to point forces and point charges. Employing Stroh's formalism, Fan et al. (1996) studied the two-dimensional contact problem of a piezoelectric half-plane and obtained the solutions with loads acting on the boundary of an anisotropic piezoelectric half-plane. Solutions in an explicit form for an elastic piezoelectric ceramic half-space indented by a rigid punch with a parabolic cross-section and flat base were obtained by Podilchuk and Tkachenko (1999) . The electro-mechanical properties of piezoelectric composites were evaluated theoretically and experimentally by Saigal et al. (1999) , Ramamurty et al. (1999) and Sridhar et al. (2000) by applying the indentation technique. Chen (2000) and Ding et al. (2000) conducted contact analysis for a three-dimensional transversely isotropic, piezoelectric half-space. Chen and Yu (2005) analyzed the micro-scale adhesive contact behavior of a piezoelectric half-space. The axisymmetric contact problem of a piezoelectric layer with a circular indenter on its surface was investigated by Wang and Han (2006) . The contact behaviors of a piezoelectric layer with a finite thickness indented by either an insulating or a conducting punch were investigated by Wang et al. (2008) . The frictionless and frictional contact problems of a non-homogeneous, piezoelectric layered half-plane were considered by Ke et al. (2008 Ke et al. ( , 2010 who applied the superposition principle and the state vector method.
As piezoelectric materials often work in thermal environments, the thermal behavior of piezoelectric materials has attracted considerable attention. Chandrasekharaiah (1988) presented a generalized linear piezo-thermo-elastic formulation. Irschik and Ziegler (1996) generalized Maysel's influence function approach to thermoelasticity for piezoelectric vibration problems. The piezothermo-elastic problem concerned with the control of the thermally induced elastic displacement in an isotropic plate bonded to a piezoelectric plate was treated by Choi et al. (1997) . Studies of the piezothermoelasticity of laminated piezoelectric structures were conducted by Tauchert et al. (2000) . Ashida and Tauchert
